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PREFACE 


This  report  is  prepared  under  guidance  contained  in  the  Recomaended 
Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  I  Investigations. 


Copies  of  these  guidelines  may  be  obtained  fron  the  Department  of 
the  Army,  Office  of  Chief  of  Engineers,  Washington,  D.C.  20314. 

The  purpose  of  a  Phase  I  investigation  is  to  identify  expeditiously 
those  dams  which  ouiy  pose  hazards  to  human  life  or  property.  The 
assessswnt  of  the  general  condition  of  the  dam  is  based  upon  visual 
observations  and  review  of  available  data.  Detailed  investigations 
and  analyses  involving  topographic  napping,  subsurface  investigations, 
material  testing,  and  detailed  computational  evaluations  are  beyond 
the  scope  of  a  Phase  I  investigation;  however,  the  inspection  is 
intended  to  identify  any  need  for  such  studies  which  should  be 
performed  by  the  owner. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported 
condition  of  the  dan  is  based  on  observations  of  field  conditions  at 
the  time  of  inspection  along  with  data  available  to  the  inspection 
team.  In  cases  where  the  reservoir  was  lowered  or  drained  prior  to 
inspection,  such  action,  idiile  improving  the  stability  of  the  dam, 
removes  the  normal  load  on  the  structure  and  may  obscure  certain 
conditions  which  might  otherwise  be  detectable  if  inspected  under 
the  normal  operating  environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  the  dam  depends  on 
numerous  and  constantly  changing  internal  and  external  factors  which 
are  evolutionary  in  nature.  It  would  be  incorrect  to  assume  that 
the  present  condition  of  the  dam  will  continue  to  represent  the 
condition  of  the  dam  at  some  point  in  the  future.  Only  through 
frequent  inspections  can  unsafe  conditions  be  detected  and  only 
through  continued  care  and  laaintenance  can  these  conditions  be 
prevented  or  corrected. 

Phase  I  inspections  are  not  intended  to  provide  detailed  hydrologic 
and  hydraulic  analyses.  In  accordance  with  the  established  Guidelines, 
the  spillway  design  flood  is  based  on  the  estisuited  "Probable 
Maximum  Flood"  for  the  region  (greatest  reasonably  possible  storm 
runoff),  or  fractions  thereof.  The  spillway  design  flood  provides  a 
measure  of  relative  spillway  capacity  and  serves  as  an  aid  in 
determining  the  need  for  more  detailed  hydrologic  and  hydraulic 
studies,  considering  the  size  of  the  dam,  its  general  condition  and 
the  downstream  damage  potential. 

The  assessment  of  the  conditions  and  recomswndations  was  made  by 
the  consulting  engineer  in  accordance  with  generally  and  currently 
accepted  engineering  principles  and  practices. 
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I  y  V  PHASE  I  REPORT  ..  .  *  - 

^  JATIONilljAM  INSPECTIONJROGRAM*  _  _ _ 

NAME  OF  DAM:  )Ebensburg  Storage  Dam  ^  i  Ck)  to 

STATE  LOCATED- — PAftnAyivaniin  X"  D  i  cf  N 

COUNTY  LOCATED:  Cambria  VJor^J  -  'V 

STHEAM:  Howell'aRun  J  .  C.  u  -  4  / 

SIZE  CLASSIFICATION:  Small  _  3J. 

HAZARD  CLASSIFICATION:  High  L  ^  ^  'V/a  a  .  a  ,  ^v>  ..  c  J.  Xt\iF&CJfOr\ 

OWNER:  Borough  of  Ebensburg 

DATE  OF  INSPECTION:  November  14  and  DeCJjrffSr  li,  19)1) 

— / 

ASSESSMENT:  Based  on  the  evaluation  of  the  conditions,  Ebensburg 
Storage  Dam  is  considered  to  be  unsafe/nonemergency  due  to  the 
presence  of  slumps  and  wet  areas  on  the  downstream  slope  of  the 
dam.  Detailed  investigation  of  the  dam  to  control  the  seepage  and 
slumping  on  the  downstream  face  of  the  dam  is  recommended. 

It  is  reported  that  the  outlet  pipe  gate  has  not  been  operated  in 
the  recent  past.  It  is  therefore  recoomiended  that  the  owner  evaluate 
the  operational  condition  of  the  pipe  gate  md  j>erform  the  necessary 


maintenance.. 


The  flood  discharge  capacity  of  the  Ebensburg  Storage  Dam  was 
evaluated  according  to  the  recommended  procedure  and  was  found  to 
pass  20  percent  of  the  probable  maximum  flood  (PMF)  without  overtop¬ 
ping  the  low  spot  on  the  crest  of  the  dam.  Therefore,  according  to 
the  recomoiended  criteria,  the  flood  discharge  capacity  of  the  dam  is 
classified  to  be  inadequate.  However,  it  was  found  that  during  the 
passage  of  20  percent  of  the  FMF,  backwater  from  a  railroad  embankment 
located  approximately  1000  feet  downstream  from  the  dam  muld 
increase  the  tailwater  at  the  dam  site  to  within  6  feet  of  the 
spillway  crest,  significantly  reducing  the  breaching  potential  due 
to  overtopping  of  the  dam.  Therefore,  the  spillway  capacity  is  not 
considered  to  be  seriously  inadequate.  However,  if  the  downstream 
railroad  embankment  were  to  be  removed  in  the  future,  the  adequacy 
of  the  spillway  or  need  for  increasing  spillway  capacity  should  be 
reevaluated.  It  was  estimated  that  the  filling  of  the  low  spots  on 
the  crest  of  the  embankment  would  increase  the  spillway  capacity  to 
about  40  percent  of  the  PMF. 

The  following  recoimaendations  should  be  implemented  immediately 
or  on  a  continuing  basis: 

1.  The  owner  should  immediately  retain  a 

professional  engineer  for  detailed  evalua¬ 
tion  of  the  dam  and  prepare  and  execute 
plans  for:  (a)  controlling  seepage  and 
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slumping  on  the  downstream  face  of  the  dam 
and  (b)  evaluating  the  integrity  of  the 
embankment  in  view  of  the  observed  conditions. 
The  detailed  evaluation  of  the  dam  should 
include,  but  not  be  limited  to,  subsurface 
investigations,  materials  testing,  and 
seepage  and  stability  analyses. 

2.  In  conjunction  with  the  detailed  evaluation 
of  the  dam,  the  crest  of  the  dam  should 

be  surveyed  and  the  low  spot  filled  to 
the  design  elevation. 

3.  The  operational  condition  of  the  sluice 
gate  should  be  evaluated  and  necessary 
maintenance  performed. 

4.  Around-the-clock  surveillance  should  be 
provided  during  unusually  heavy  runoff  and  a 
formal  warning  system  should  be  developed  to 
alert  the  downstream  residents  in  the  event 
of  emergencies. 

5.  The  dam  and  appurtenant  structures  should  be 
inspected  regularly  and  necessary  maintenance 
performed.  A  review  of  the  regional  geology 
indicates  that  some  deep  coal  mine  workings 
exist  in  the  vicinity  of  the  dam  site. 
Therefore,  future  inspections  should  include  a 
search  for  any  indications  of  subsidence. 


r/CS^REGlSTrSED^A-^ 

PR0FESSI0NAl/^<\^^ 


Lawrence  0.  Andersen  \i 


O 

_  K  o 
3  -H 


Lawrence  D.  Andersen,  P.E. 
Vice  President 

January  28,  1980 _ 

Date 

Approved  by: 


flES  W.  PECK 

uonel.  Corps  of  Engineers 
pbri;g.t._Eogioeex _ 

h"tr  fiii  ft  So 


Upstream  Face 


ii 

I 

h 

t 


f 


c 


TABLE  OF  COmXMTS 


SECTION  1  >  PROJECT  INFORMATION 

1 . 1  General 

1.2  Deacription  of  Project 

1.3  Pertinent  Data 

SECTION  2  -  DESIGN  DATA 

2.1  Deaign 

2.2  Construction 

2.3  Operation 

2.4  Other  Invest igat ions 

2.5  Evaluation 

SECTION  3  -  VISUAL  INSPECTION 

3 . 1  Findings 

3.2  Evaluation 

SECTION  4  -  OPERATIONAL  FEATURES 

4.1  Procedure 

4.2  Maintenance  of  the  Dsn 

4.3  Maintenance  of  Operating  Facilities 

4.4  Warning  Systea 

4.5  Evaluation 

SECTION  5  -  HYDRAULICS  AMD  HYDROLOGY 

5.1  Evaluation  of  Features 
SECTION  6  -  STRUCTURAL  STABILITY 

6.1  Evaluation  of  Structural  Stability 

SECTION  7  -  ASSESSMENT  AND  RECOMMEMDATIONS/PROPOSED 
REMEDIAL  MEASURES 

7.1  Dsa  Assessaent 

7.2  Recoaaendations/Reaadial  Measures 


PAGE 

1 

1 

1 

2 

5 

5 

6 
6 
6 
6 

7 

7 

8 

9 

9 

9 

9 

9 

9 

10 

10 

12 

12 


13 

13 

14 


f 


( 


I 


V 


TABLE  OF  CONTENTS 
(Coatinued) 


APPENDIX  A 
APPENDIX  B 

APPENDIX  C 
APPENDIX  D 
APPENDIX  E 
APPENDIX  F 


-  CHECKLIST,  VISUAL  INSPECTION,  PHASE  I 

-  CHECKLIST,  ENGINEERING  DATA,  DESIGN,  CONSTRUCTION, 
OPERATION,  AND  HYDROLOGIC  AND  HYDRAULIC,  PHASE  I 

-  PHOTOGRAPHS 

-  HYDROLOGY  AND  HYDRAULICS  ANALYSES 

-  PLATES 

-  REGIONAL  (XOLOGY 


PHASE  1  REPORT 

NATIORAL  DAM  IHSPBCTION  PROGRAM 
EBENSBURG  STORAGE  DAM 
NDI  I.D.  PA  442 
DER  I.D.  11-61 


SECTION  1 

PROJECT  INFORMATION 


1 . 1  General 


a.  Authority.  The  inspection  was  perfomed  pursuant  to  the 
authority  granted  by  The  National  Dam  Inspection  Act,  Public  Law 
92-367,  to  the  Secretary  of  the  Army,  through  the  Corps  of  Engineers, 
to  conduct  inspections  of  dams  throughout  the  United  States. 

b.  Purpose .  The  purpose  of  this  inspection  is  to  determine  if 
the  dam  constitutes  a  hazard  to  human  life  or  property. 

1.2  Description  of  Project 


a.  Dam  and  Appurtenances.  Ebensburg  Storage  Dam  consists  of 
an  earth  embankment  approximately  450  feet  long  trith  a  maximum 
height  of  16  feet  from  the  downstream  toe  and  a  crest  width  in  the 
range  of  12  to  14  feet.  On  the  downstream:  slope,  a  rock  toe  is 
located  in  the  middle  one-third  of  the  embankment,  extending  to 
approximately  midheight  of  the  dam.  On  the  upstream  slope,  cast-in- 
place  concrete  slabs  extending  approximately  4  feet  above  normal 
pool  level  constitute  the  upstream  slope  ptotection.  The  flood 
discharge  facilities  for  the  dam  consist  of  a  56-foot-wide,  3-foot- 
deep  channel  on  the  left  abutment.  The  spillway  channel  discharges 
into  a  plunge  pool  at  the  toe  level  near  the  left  abutment.  The 
outlet  works  include  a  reinforced  concrete  intake  tower  and  20-inch 
blow-off  pipe  and  12-inch  supply  pipe.  Both  of  these  pipes  are 
encased  in  concrete  through  the  embankment.  Plow  through  these 
pipes  is  controlled  by  valves  on  the  upstream  intake  tower.  This 
outlet  system  constitutes  the  emergency  drawdown  facilities  for  the 
reservoir . 

b.  Location.  The  Ebensburg  Storage  Dam  is  located  northeast 
of  Ebensburg  in  Cambria  Township,  Cambria  County,  Pennsylvania 
(Plate  1). 

c.  Size  Classification.  Small  (based  on  16-foot  height  and 
131  acre-feet  maximum  storage  capecity). 
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d.  Hazard  Clas«ific*tion.  The  dan  is  classified  to  be  in  the 
high  hazard  category.  The  city  of  Ebensburg's  water  treament 
plant  is  located  imediately  do%mstream  from  the  dam.  Approximately 
1000  feet  downstream  from  the  dsn,  Howell's  Run  flows  under  a 
20**foot-high  railroad  embankment.  It  is  estimated  that  in  the  event 
of  a  dam  failure,  the  railroad  embankment  can  impound  the  discharge 
from  the  dam  without  overtopping.  However,  since  the  structural 
adequacy  of  this  embankment  as  a  water  retention  structure  is 
questionable  and  subsequent  failure  of  this  embankment  would  cause 
loss  of  life  and  property  damage  further  downstream,  the  Ebensburg 
Storage  Dam  is  classified  to  be  in  the  high  hazard  category. 

e.  Ownership.  Borough  of  Ebensburg,  (address:  Hr.  William 
Bumford,  Borough  Manager,  Ebensburg  Borough,  300  West  High  Street, 
Ebensburg,  Pennsylvania  15931). 


f.  Purpose  of  Dam.  Water  supply. 

g.  Design  and  Construction  History.  The  dam  was  designed  by 
borough  engineers  and  constructed  by  Leard  Elder  &  Son,  a 
construction  company  from  Ebensburg,  Pennsylvania,  with  completion 
in  1923. 

h.  Normal  Operating  Procedure.  The  reservoir  is  normally 
maintained  at  Elevation  1990,  the  level  of  uncontrolled  spillway 
crest  level.  When  the  lake  is  at  or  above  the  spillway  level, 
inflow  is  discharged  through  the  uncontrolled  spillway. 

1.3  Pertinent  Data.  Elevations  referred  to  in  this  and  subsequent 
sections  of  the  report  were  calculated  based  on  approximate  field 
measurements  assuming  the  spillway  crest  elevation  to  be  1990  (USGS 
Datum),  which  is  interpolated  from  the  USGS  7.5  minute  Ebensburg 
quadrangle  map. 


a.  Drainage  Area 

b.  Discharge  at  Dam  Site  (cfs) 

Maximum  known  flood  at  dam  site 
Outlet  conduit  at  maximum  pool 
Gated  spillway  capacity  at  maximum  pool 
Ungated  spillway  capacity  at  maximum  pool 
Total  spillway  capacity  at  maximum  pool 


1.9  square  miles 


350  cfs  (in  1936) 
Unknown 

Not  applicable 
528 

528<)) 


^^^See  Appendix  D,  Page  D4  of  11,  routing  through  Ebensburg  Storage 
Dam  line  outflow. 


2 


I 


c.  Elevation  (DSCS  Datum)  (feet) 


Top  of  dam 

Maximum  pool 
Normal  pool 

Upstream  invert  outlet  works 
Downstream  invert  outlet  works 
Streambed  at  center  line  of  dam 
Maximum  tailwater 
Downstream  toe 

d.  Reservoir  Length  (feet) 

Normal  pool  level 
Maximum  pool  level 

e.  Storage  (acre~feet) 

Normal  pool  level 
Maximum  pool  level 

f.  Reservoir  Surface  (acres) 

Normal  pool  level 
Maximum  pool  level 

g*  Dam 

Type 
Length 
Height 
Top  width 
Side  slopes 


Zoning 

Impervious  core 
Cutoff 

Grout  curtain 
h.  Regulating  Outlet. 
Type 


1992.1  (measured 
low  spot) 

1992.1 

1990 

1968^ 

Unknown 

1965+ 

Unknown 

1976 


1600 

1600  (estimated) 


92 

131 


9.2 

13+ 


Earth 
450  feet 
16  feet 
12  to  14  feet 
Downstream: 

2  Horizontal: 

1  Vertical 
Upstream: 

2  Horizontal: 
1  Vertical 

Yes 

Yes 

Yes 

None 


20-inch  cast 
iron  pipe 
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Length 

Closure 

Access 

Regulating  facilities 


150  feet+ 
Upstreaai  valves 
Foot  bridge 
Valves  at  intake 
tower 


Spillway 


Type 

Length 

Crest  elevation 
Gates 

Upstream  channel 
Downstream  channel 


Broad-crested 

overflow  section 

56  feet 

1990 

None 

Lake 

Rectangular  con¬ 
crete  discharge 
channel 


SECTION  2 
DESIGN  DATA 


2.1  Design 

a.  Data  Available.  The  available  data,  consisting  of  files  and 
design  drawings,  were  provided  by  the  Commonwealth  of  Pennsylvania, 
Department  of  Environmental  Resources  (PennDER) . 

(1)  Hydrology  and  Hydraulics.  No  hyrology  and  hydraulic 
analyses  are  available.  The  records  include  design  capacity  of 
the  spillway. 

(2)  Embankment .  Available  information  includes  design  drawings 
and  a  report  prepared  by  the  state  upon  the  review  of  the  original 
design. 

(3)  Appurtenant  Structures.  Design  drawings  are  not  available 
for  the  appurtenant  structures. 

b.  Design  Features 

(1)  Embankment .  The  dam  consists  of  an  earth  embankment 
impounding  a  9-acre  reservoir.  Plates  2  and  3  illustrate  the 
plan  of  the  reservoir  and  the  dam,  respectively.  A  typical 
cross  section  of  the  embankment  is  illustrated  in  Plate  4.  It 
consists  of  two  zones.  The  zones  are  identified  to  be  "selected 
material  rolled"  on  the  upstream  side  and  "material  rolled"  on  the 
downstream  side.  The  upstream  side  of  the  dam  is  protected  by 

a  10-inch  concrete  slab  extending  approximately  one  foot  above 
the  normal  pool  level  to  a  concrete  cutoff  wall  located  at  the 
upstream  toe  of  the  dam.  The  design  drawings  show  the  upstream 
cutoff  wall  to  be  two  feet  thick,  extending  for  the  entire 
length  of  the  dam.  Construction  progress  reports  indicate  that 
the  cutoff  wall  was  extended  to  the  impervious  layers.  The 
design  drawings  also  indicate  that  a  three-foot-wide  puddle 
clay  fill  was  placed  on  the  downstream  side  of  this  concrete 
cutoff  wall.  A  state  report,  dated  1922,  indicates  that  no 
subsurface  investigation  was  conducted  prior  to  the  construction 
of  the  dam. 

(2)  Appurtenant  Structures.  The  appurtenant  structures  for 
the  dam  consist  of  an  overflow  spillway  and  outlet  works.  The 
spillway  structures  include  a  rectangular  concrete  channel 
located  on  the  left  abutment,  discharging  into  a  stilling  basin 
near  the  toe  level.  As  it  presently  exists,  the  spillway 
channel  at  the  control  section  is  56  feet  wide  and  3.1  feet 


deep.  Plate  5  illustrates  the  designed  spillway  cross  section 
and  profile.  The  outlet  works  facilities  for  the  dam  consist 
of  a  reinforced  concrete  intake  tower  and  a  20-inch  blow-off  pipe 
and  12-inch  supply  pipe  located  at  the  center  of  the  embankment. 

The  design  drawings  and  construction  progress  reports  indicate  that 
the  outlet  pipes  were  encased  in  concrete  through  the  embankment. 

No  information  was  available  on  the  details  of  the  intake  tower. 
Original  drawings  do  not  show  such  an  intake  structure.  However,  to 
the  knowledge  of  the  owner,  the  intake  tower  was  constructed  in 
conjunction  with  the  construction  of  the  dam.  Flow  through  the  out¬ 
let  pipes  is  controlled  by  valves  located  in  the  intake  tower. 

c.  Design  Data. 

(1)  Hydrology  and  Hydraulics.  The  state  report  entitled. 
Report  Upon  the  Application  of  the  Borough  of  Ebensburg.  dated 

May  19,  1922,  reported  the  full  capacity  of  the  spillway  to  be 
1140  cfs,  based  on  a  5S-foot  width  and  4-foot  depth. 

(2)  Embankment .  The  available  information  includes  no 
quantitative  design  data  for  the  embankment. 

2.2  Construction.  Very  limited  information  is  available  on  the 
construction  of  the  dam.  The  only  reported  construction  difficulty 
was  encountered  during  the  excavation  of  the  cutoff  trench.  At 
the  bottom  of  the  valley,  adequately  impervious  strata  were 
encountered  at  depths  of  6  to  12  feet.  On  the  sides  of  the  valley, 
cutoff  trenches  were  extended  to  depths  up  to  23  feet  without 
encountering  adequate  impervious  layers. 

2.3  Operation.  No  formal  operating  records  are  available  for  the 
dam.  According  to  correspondence  included  in  the  state  files,  the 
highest  pool  level  occurred  during  the  1936  flood,  tdten  the  flow 
depth  in  Che  spillway  was  reported  to  be  19  inches,  uhich  was 
estimated  to  correspond  to  a  discharge  of  350  cfs. 

2.4  Other  Investigations.  None  reported. 

2.5  Evaluation 

a.  Availability.  The  available  infonsation  was  provided  by 
PennDER. 

b.  Adequacy.  The  available  inforsMtion  includes  no  technical 
data  to  assess  the  design  of  the  embankment.  Therefore,  the  available 
information  is  not  considered  sufficient  Co  evaluate  the  adequacy 

of  the  design  and  the  construction  of  the  dam. 


SECTION  3 
VISUAL  INSPECTION 


3.1  Findinga 

a.  General .  The  on-aite  inapection  of  Bbenaburg  Storage  Dam 
conaiated  of: 


1.  Vtaual  inapection  of  the  embanktaent,  abutownta, 
and  embankment  toe. 

2.  Viaual  examination  of  the  appurtenant  atructurea. 

3.  Evaluation  of  the  domatream  area  hazard  potential. 

The  apecific  obaervations  are  llluatrated  in  Plate  6. 

b.  Embankment .  The  general  inapection  of  the  embankment 
conaiated  of  searching  for  indications  of  structural  distress,  such 
aa  cracks,  subsidence,  bulging,  wet  areas,  seeps  and  boils,  and 
observing  general  maintenance  conditions,  vegetative  cover,  erosion, 
and  other  aurficial  features. 

The  two  most  significant  conditions  noted  at  the  dam  site  were  the 
presence  of  wet  areas  in  a  the  middle  half  of  the  downstream  slope 
starting  at  a  level  about  8  feet  from  the  crest  level  and  extending 
to  the  toe  of  the  embankment.  Two  slumps  associated  with  this 
seepage  through  the  embankment  are  located  on  each  side  of  the 
rock-fill  along  the  toe  of  the  dam.  The  slump  located  on  the 
right  side  of  the  rock  toe  appears  to  cover  an  area  approximately 
30  feet  long  and  has  settled  by  about  three  to  four  feet  relative 
to  the  original  downstream  slope.  A  swampy  area  is  located  below 
the  toe  of  the  dam  in  line  with  this  slump.  The  discharge  from 
the  seepage  area  is  estimated  to  be  on  the  order  of  5  to  10  gallons 
per  minute.  No  measurable  seepage  appears  to  be  associated  with  the 
wet  areas  on  the  remaining  portion  of  the  downstream  slope. 

The  crest  of  the  dam  was  surveyed  relative  to  the  spillway  crest 
level.  The  freeboard  was  found  to  range  from  2.5  feet  adjacent  to 
the  spillway  wall  to  about  4.7  feet  near  the  right  abutment.  A 
200-foot  section  of  the  crest  measured  from  the  spillway  side 
was  found  to  be  below  the  top  of  the  spillway  wall  elevation,  which 
was  presumed  to  be  the  design  elevation  for  the  embankment  crest. 

The  dsm  crest  profile  is  illustrated  in  Plate  7. 

c.  Appurtenant  Structures.  The  spillway  structures  were 
examined  for  deterioration  or  other  signs  of  distress  or  obstructions 


that  would  Halt  the  flow.  The  spillway  structures  irere  found  to  be 
in  good  condition. 

d.  Reservoir  Area.  Approximately  80  percent  of  the  watershed 
of  the  Bbensburg  Storage  Dam  initially  drains  into  Howell's  Run 
Dam,  idiich  is  located  about  1/2  mile  upstream.  While  the  watershed 
is  predominantly  covered  with  farmlands,  the  Ebensburg  Storage  Dam 
also  receives  runoff  from  urban  residential  areas  located  at  the 
southern  end  of  the  watershed  area.  A  review  of  the  regional 
geology  (Appendix  F)  indicates  that  the  shoreline  of  the  reservoir 
is  not  likely  to  be  susceptible  to  massive  landslides  which  would 
affect  the  storage  volume  of  the  reservoir.  This  review  also 
indicated  that  deep  coal  mine  workings  exist  in  the  vicinity  of  the 
dam  site,  posing  potential  for  subsidence.  In  this  inspection,  no 
signs  of  subsidence  were  observed. 

e.  Downstream  Channel.  Approximately  1000  feet  downstream 
from  the  dam,  Howell's  Run  flows  under  a  20-foot-high  railroad 
embankment  and  discharges  into  a  small  lake  locally  known  as  Lake 
Jenks.  One  residence  and  several  park  buildings  are  located  in  the 
vicinity  of  Lake  Jenks.  Discharge  from  Lake  Jenks  flows  under  a 
second  railroad  embankment  through  two  9-foot-diameter  culverts, 
following  which  the  stream  flows  through  a  developed  area  south¬ 
east  of  Ebensburg. 

3.2  Evaluation.  In  view  of  the  presence  of  seepage  and  slumps  on 
the  downstream  face  of  the  dam,  the  condition  of  the  dam  is 
considered  to  be  poor.  The  observed  conditions  raise  concern  as 
to  the  continued  stability  of  the  embankment.  Therefore,  a 
detailed  investigation  of  the  embankment  is  recommended. 


SECTIOH  4 

OPERATIONAL  FEATURES 


4.1  Procedure .  There  are  no  foraal  operacing  procedures  for  the 
daa.  The  reservoir  la  noriBally  maintained  at  the  crest  level  of  the 
uncontrolled  spillway,  with  excess  inflow  discharging  through  the 
spillway. 

4.2  Maintenance  of  the  Dam.  The  maintenance  condition  of  the  dam 
is  considered  to  be  fair.  The  crest  and  doimatream  face  of  the  dam 
are  covered  with  grass.  While  the  crest  of  the  dam  appears  to  be 
periodically  laowed,  some  brush  was  found  on  the  downstream  slope 
near  the  right  abutment. 

4.3  Maintenance  of  Operating  Facilities.  The  operation  of  the 
outlet  pipes  sluice  gate  was  unobserved.  Borough  personnel  reported 
that  the  gate  has  not  been  operated  in  the  last  several  years. 
However,  the  downstream  end  of  the  outlet  pipe  could  not  be  located. 
Apparently,  during  the  construction  of  the  water  treatment  plant, 
which  is  located  immediately  downstream  from  the  dam,  the  blow-off 
pipe  was  rerouted  to  a  point  further  downstream,  which  could  not 

be  identified. 

4.4  Warning  System.  No  fonul  warning  system  exists  for  the  dam. 
Telephone  consmnication  facilities  are  available  from  the  water 
treatment  plant  at  the  dam  site. 

4.5  Evaluation.  The  maintenance  condition  of  the  dam  and  the 
operating  facilities  are  considered  to  be  fair.  It  is  recommended 
that  the  owner  locate  the  downstream  end  of  the  blow-off  pipe  and 
evaluate  the  operational  condition  of  the  blow-off  pipe  sluice 

gate. 


SSCTIOH  5 

HYDRAULICS  AND  HYDROLOGY 


5.1  Bv«Iu«tioa  of  Feature* 


e.  Deeign  Pete.  Bbensburg  Storage  Dam  haa  a  waterahed  of 
1.9  aquare  milea  and  impound*  a  reaervoir  with  a  aurfaee  area  of 
9.2  acre*  at  normal  pool  level.  The  flood  diacharge  facilitiea 
for  the  dam  conaiat  of  an  overflow  apillway  located  on  the  left 
abutment.  The  flood  diacharge  capacity  of  the  apillway,  baaed  on 
the  available  head  relative  to  a  low  apot  on  the  creat  of  the 
dam,  waa  eatimated  to  be  528  cfa.  Howell 'a  Run  Dam,  with  a  water¬ 
ahed  of  1.4  aquare  milea,  which  impound*  a  reaervoir  of  84  acre*, 
ia  located  approximately  1/2  mile  upatream  from  thia  dam. 

b.  Experience  Data.  Aa  previoualy  atated,  Ebenaburg  Storage 
Dam  ia  claaaified  aa  a  amall  dam  in  the  high  hazard  category.  Under 
the  recommended  criteria  for  evaluating  emergency  apillway  diacharge 
capacity,  auch  impoundment*  are  required  to  paaa  half  to  full 

PMF. 

The  FMF  inflow  hydrograph  for  the  reaervoir  waa  determined  utilizing 
the  Dam  Safety  Veraion  of  the  HEC-1  computer  program  developed  by 
the  Hydrologic  Engineering  Center  of  the  U.S.  Army,  Corpa  of  Engineer*. 

The  hydrographa  for  the  Ebenaburg  Storage  Dam  were  determined  by 
initially  routing  the  hydrograph  through  the  upatream  dam  and 
combining  the  outflow  with  the  diacharge  contributed  from  the 
waterahed  downatream  from  Howell 'a  Run  Dam.  The  data  uaed  for  the 
computer  analyaia  are  preaented  in  Appendix  D.  Hie  full  and 
one-half  PMF  inflow  hydrographa  were  found  to  have  peak*  of  3290 
and  1490  cfa,  reapectively.  The  computer  output*  are  included  in 
Appendix  D. 

c.  Viaual  Obaervationa.  On  the  date  of  inapection,  no  condi¬ 
tion*  were  obaerved  that  would  indicate  that  the  apillway  of  the  dam 
would  not  operate  aatiafactorily  in  the  event  of  a  flood. 

d.  Overtopping  Potential.  Varioua  percentage*  of  the  PMF 
inflow  hydrograph  were  routed  through  the  reaervoir  atarting  from 
normal  pool  elevation.  It  waa  found  that  the  dam  can  paaa  20 
percent  of  the  PMF  without  overtopping  the  embankment.  At  50 
percent  of  PMF,  the  low  apot  on  the  embankment  would  be  overtopped 
for  a  duration  of  9-1/2  hour*,  with  a  maximum  depth  of  1.05  feet. 
Further  routing  of  the  flood  through  the  downatream  railroad 
embankment  culvert  (a  5-foot-diameter  pipe)  indicate*  that  during 
the  paaaage  of  20  percent  PMF,  backwater  from  the  railroad  embankment 
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would  InereMO  Che  Ceilweter  et  the  dam  sice  to  a  level  within  aix 
feet  of  the  apillway  crest.  The  computer  input  for  this  analysis 
and  the  pertinent  sections  of  the  computer  output  are  included  in 
Appendix  D.  The  railroad  embankment  culvert  and  hydraulic  character¬ 
istics  are  illustrated  in  a  sketch  included  in  Appendix  D. 

A  flood  routing  conducted  assuming  the  low  spots  on  the  crest  of 
the  dam  were  filled  to  the  level  of  the  spillway  wall  indicates 
that  the  dam  would  pass  40  percent  of  the  PMF  without  overtopping. 

e.  Spillway  Adequacy.  The  spillway  capacity  is  found  to  be 
less  than  Che  recommended  spillway  design  flood  range  of  half 
to  full  PMF.  Therefore,  according  to  the  recomronded  criteria, 
the  spillway  capacity  is  classified  to  be  inadequate.  However,  it 
ia  not  considered  to  be  seriously  inadequate,  because  during  the 
passage  of  20  percent  or  larger  percentages  of  the  PMF,  backwater 
from  the  downstream  railroad  embankment  would  increase  Che  tailwater 
at  the  dam  site  to  within  six  feet  of  the  spillway  crest  or  higher; 
therefore,  reducing  the  breach  potential  for  the  dam. 

A  review  of  the  flood  routing  data  through  Che  downstream  railroad 
embankment  indicates  chat  the  railroad  embankment  during  the  passage 
of  large  storms  would  overtop  while  impounding  a  temporary  reservoir 
approximately  equal  to  Ebensburg  Storage  Dam  in  storage  capacity. 
Because  backwater  from  the  railroad  embankment  will  significantly 
increase  Che  tailwater  at  the  Ebensburg  Storage  Dam,  reducing  its 
breach  potential,  failure  of  the  Ebensburg  Storage  Dam  is  likely  to 
occur  following  the  failure  of  the  downstream  railroad  embankment. 

The  above  description  of  the  probable  sequence  of  events  during  the 
passage  of  a  severe  storm  indicates  Chat  initial  downstream  damage 
would  be  caused  by  the  failure  of  the  railroad  embankment,  and  it  is 
estimated  that  subsequent  failure  of  the  Ebensburg  Storage  Dam  would 
not  introduce  significant  added  damage. 

It  should  be  noted  that  if  the  railroad  embankiaenC  were  Co  be  removed, 
or  the  sixe  of  the  culvert  through  the  embankment  were  to  be  increased, 
eliminating  the  high  tailwater  at  Che  dam  site  during  the  passage  of 
severe  storms,  idiich  in  turn  increases  the  breach  potenital  of  the 
dam,  Che  need  for  increasing  the  spillway  capacity  should  be  rein¬ 
vestigated. 
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SECTION  6 

STNDCTURAL  STABILITY 


6.1  Evaluation  of  Structural  Stability 

a.  Visual  Obaarvationa 

(1)  Eaibantaaent .  Aa  diacuasad  in  Section  3,  the  field 
obaervations  revealed  various  signs  of  distress  consisting  of 
extensive  wet  areas  end  sluaps  on  the  downstreaa  face  of  the  daa. 
Because  the  design  lacks  a  positive  internal  drainage  systen, 
concern  exists  aa  to  the  effect  of  seepage  on  the  stability  of  the 
eabankaent.  Although  previous  inspections  indicate  that  the 
seepage  conditions  have  existed  since  the  initial  filling  of  the 
daa,  no  sluaping  conditions  have  been  reported.  Presently  observed 
sluaps  on  the  downstreaa  fece  indicate  that  the  condition  of  the 
eabankaent  is  degrading.  Therefore,  the  integrity  of  the  sabankaent 
as  an  iapoundaent  structure  should  be  investigated  and  reevaluated. 

(2)  Appurtenant  St^ctures.  A  review  of  the  available  inforaa- 
tion  and  visual  observations  indicate  that  there  are  no  epparent 
structural  deficiencies  that  would  significantly  affect  the  perfonr- 
ance  of  the  appurtenant  structures. 

b.  Design  and  Construction  Data.  No  quantitative  design  and 
construction  data  are  available  on  the  design  of  the  dsa. 

c.  Operating  Records.  No  operating  records  sre  kept  for  the 

daa. 

d.  Post-Construction  Changes.  There  are  no  formal  records 
of  post-construction  changes.  However,  field  observations  suggest 
that  two  post-construction  changes  were  undertaken.  It  appears 
that  the  area  below  the  toe  of  the  daa  was  raised  spproxiaately 

8  feet,  in  conjunction  with  the  construction  of  the  water  treatment 
plant  iaaediately  downstreaa  from  the  dan.  The  design  drawings 
indicate  the  height  of  the  dan  to  be  24  feet.  During  this  inspec¬ 
tion,  the  height  of  the  daa  was  measured  to  be  16  feet.  The 
rock-fill  on  the  aiddle  one-third  of  the  downstream  slope  extending 
froa  toe  level  to  a  level  about  8  feet  below  the  crest  level  also 
appears  to  have  been  constructed  after  the  original  construction. 

e.  Seismic  Stability.  In  view  of  the  concerns  that  exist  as 
to  the  static  stability  of  the  dsn,  the  seismic  stability  of 

the  dan  is  also  considered  to  be  questionable.  Therefore,  the 
seismic  stability  of  the  dmt  should  be  reassessed  in  conjunction 
with  further  investigation  and  evaluation  of  the  embankment. 


SBCTIOM  7 

ASSESSMEMT  AND  BBCOMHEMDATIONS 
PROPOSED  REMEDIAL  MEASURES 


7.1  D—  A*«eaCTeot 


a.  Aasaiiaant .  Visual  observations  indicate  that  the  Ebensburg 
Storage  Dan  is  in  poor  condition.  In  view  of  the  presence  of  wet 
areas  and  sluaps  on  the  downstream  face  of  the  daa,  the  condition 

of  the  deal  is  assessed  to  be  unsafe/nonemergency.  Although  available 
records  indicate  that  the  wet  conditions  on  the  downstreaa  slope  of 
the  dan  have  existed  since  shortly  after  initial  filling  of  the 
reservoir  and  in  the  past  some  attempts  were  sMde  to  control  this 
wetness  by  placing  rock-fill  on  the  downstream  slope,  the  presence 
of  slumps  suggests  that  the  condition  is  degrading.  Therefore, 
detailed  investigation  of  the  condition  of  the  dam  and  implesienta- 
tion  of  necessary  remedial  measures  are  recommended. 

It  is  also  recommended  that  the  owner  locate  the  downstream  end  of 
the  outlet  pipe  and  evaluate  the  operational  condition  of  the  outlet 
pipe  sluice  gate. 

The  capacity  of  the  spillway  was  found  to  be  approximately  20 
percent  of  the  PMP,  which  is  less  than  the  recommended  capacity 
based  on  the  sise  and  hasard  classification  for  the  dam.  Therefore, 
the  spillway  is  classified  to  be  inadequate  according  to  the  recosr* 
mended  criteria.  However,  as  discussed  in  Section  5,  the  spillway 
capacity  is  not  considered  to  be  seriously  inadequate.  A  further 
analysis  indicates  that  if  the  low  spots  on  the  crest  of  the  dam 
were  to  be  filled  to  the  level  of  the  spillway  channel  walls,  the 
capacity  of  the  spillway  would  be  approximately  40  percent  of  the 
PMF. 

However,  if  the  downstream  railroad  embankment  were  to  be  removed  in 
the  future,  the  adequacy  of  the  spillway  or  need  for  increasing  the 
spillway  capacity  should  be  reevaluated. 

b.  Adequacy  of  Information.  Available  information  in  conjunc¬ 
tion  with  visual  observations  is  considered  to  be  sufficient  to 
SMke  the  following  recommendations. 

c.  Urgency.  The  following  recommendations  should  be  implemented 
ismMdiately  or  on  a  continuing  basis. 

d.  Necessity  for  Additional  Data.  It  is  recommended  that  the 
dam  be  investigate  and  evaluated  by  a  professional  engineer 
experienced  in  the  design  and  construction  of  dams  to  sure 


/ 


accurately  aacertain  the  conacquaacea  of  the  observed  conditions 
and  the  overall  integrity  of  the  dan  and  to  develop  plans  for 
reaedial  iMasures. 

7.2  Recosswndations  and  Renedial  Measures 

1.  The  o%mer  should  iasediately  retain  a 
professional  engineer  for  detailed  evalua¬ 
tion  of  the  dan  and  prepare  and  execute 
plans  for:  (a)  controlling  seepage  and 
slumping  on  the  dounstrean  face  of  the  dam 
and  (b)  evaluating  the  integrity  of  the 
embankment  in  view  of  the  observed  conditions. 

The  detailed  evaluation  of  the  dam  should 
include,  but  not  be  limited  to,  subsurface 
investigations,  materials  testing,  and 
seepage  and  stability  analyses. 

2.  In  conjunction  with  the  detailed  evaluation 
of  the  dam,  the  crest  of  the  dam  should  be 
surveyed  and  the  low  spot  filled  to  the 
design  elevation. 

3.  The  operational  condition  of  the  sluice 
gate  should  be  evaluated  and  necessary 
BMintentance  performed. 

4.  Around-the-clock  surveillance  should  be 
provided  during  unusually  heavy  runoff  and  a 
formal  warning  system  should  be  developed  to 
alert  the  downstream  residents  in  the  event 
of  emergencies. 

5.  The  dam  and  appurtentant  structures  should 
be  inspected  regularly  and  necessary  mainte¬ 
nance  performed.  A  review  of  the  regional 
geology  indicates  that  some  deep  coal  mine 
workings  exist  in  the  vicinity  of  the  dam 
site.  Therefore,  future  inspections  should 
include  a  search  for  indications  of  subsidence. 
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APPENDIX  A 

CHECKLIST 
VISUAL  INSPECTION 
PHASE  I 
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concrete  alaba) 


Pafte  A3  of  9 


be  observed. 


lOff  Not  applicoblo 


VISUAL  INSPECTION 
PHASE  I 

INSTRUMENTATION 
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APPENDIX  B 

CHECKLIST 
ENGINEERING  DATA 
DESIGN,  CONSTRUCTION,  OPERATION 
AND  HYDROLOGIC  AND  HYDRAULIC 
PHASE  I 


{ 


DETAILS 
CONSTKAlltrS 
DISCHARGE  RATINGS 


kTHIIAI^  INVCSTICATIONS  None  prepared 

miNT.  RCCORDS 

tmuTnity 


CHECKLIST 
ENGINEERING  DATA 
HYDROLOGIC  AND  HYDRAULIC 


DRAINAGE  AREA  CHARACTERISTICS;  1»9  square  miles  (woodlands) _ 

ELEVATION;  TOP  NORMAL  POOL  AND  STORAGE  CAPACITY;  1990  -  92-acre  feet _ 

ELEVATKM;  TOP  FLOOD  CONTROL  POOL  AND  STORAGE  CAPACITY:  1922.1  -  131  acre-feet 

ELEVATION;  MAXIMUM  DESIGN  POOL;  1993 _ 

ELEVATION;  TOP  DAM; _ 1992.1  (measured  low  spot) _ 

SPILLWAY; 

a.  Elevation _ 1990 _ 

b.  Type  Concrete  overflow _ ■  _ _ ; _ 

c.  Width  56  feet  (perpendicular  to  flow  direction) _ 

d.  LenRth  Not  applicable _ 

e.  Location  Spillover _ Adjacent  to  spillway _ 

f.  Number  and  Type  of  Gates  Not  applicable _ 

OUTLET  WORKS: 

a.  Type _ 20-lnch  cast  Iron  pipe _ 

b.  Location  Center  of  embankment _ 

c.  Entrance  Inverts  1968  t _ 

d.  Exit  Inverts _ Unknown _ 

e.  Emergency  Dralndown  Facilities  20-Inch  pipe _ 

HYDROMETEOROLOGICAL  GAGES: 

*•  Type _ _ 

b.  Location _ None _ 

c.  Records _ None _ 

MAXIMUM  NONDAMAGING  DISCHARGE: _ 500  cfs  ±  (spillway  capacity) _ 
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LIST  OF  PHOTOGRAPHS 
EBENSBURG  STORAGE  DAM 
NDl  I.D.  PA-422 
NOVEMBER  14,  1979 


PHOTOGRAPH  NO. 
1 
2 

3 

4 


5 

6 
7 


DESCRIPTION 
Dam  crest,  looking  east. 

Spillway  crest. 

Spillway  approach  channel,  looking 
upstream. 

Spillway  discharge  channel,  looking 
downstream. 

Intake  tower. 

A  slump  near  the  left  abutment. 

A  slump  near  the  right  abutment. 
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Photograph  No.  1 
Dam  crest,  looking  east. 
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Photograph  No.  2 
Spillway  crest. 


Photograph  No.  5 
Intake  tower . 


Photograph  No.  6 
A  slump  near  the  left  abutment. 


APPENDIX  D 

HYDROLOGY  AND  HYDRAULICS  ANALYSES 


'  t€orolo€lc<A  Mport  33  <ritur€  1),  U.$.  Army,  Corpm  of  tnulneoro^  19S6. 

f oroXoalcal  Mporc  33  (Flgur*  2),  U.S.  Amy,  Corpa  of  Englneera,  1956. 

^^^Vydroloflcal  aotic  dafinad  9y  Corpa  of  i'nglnaara,  SaltlaDra  Olacrict,  for  datmlnSt^  Snydar* 
Coafflclcnta  (C  and  C.). 

<*)  ^  * 

'  'Snydar  a  Coaff Icianta. 

■  Lnsth  of  loagaac  vatar  cowaa  froa  outlat  to  basin  dWlda. 

L  •  tao^ch  of  vatar  couraa  froa  owtlat  to  polat  oppoalto  tha  tantrold  of  dralnata  araa. 


STOKACt  ft.  aifATZOII  (■OWLL't  UH 


STOUCS  n.  ILIVATlOf  (lUMSMntC  STOKACE  DM) 


^^^riaalMtorad  froa  USCt  aapa. 

•  *«/3  «j  ♦  *i  ♦ 

^^^rtom  rmMR  (llM. 

^**MwaK.i  riMM  1  Ia.*Mtloa  Hifort.  RatloMl  Oia  rrotrw,  IomU'.  lua  &•■.  mi  I.D.  Jim  Itll 
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ABPBMDIX  F 
BEGtONAL  GEOLOGY 

The  Ebensburg  Storage  Dam  is  located  approxiutely  t«fO  miles  west  of 
the  Allegheny  Front  on  the  east  limb  of  the  Wilmore  Syncline.  Dip  of 
the  strata  averages  five  degrees  to  the  northwest  toward  the  axis  of 
the  Wilmore  Syneline.  Rocks  at  the  site  belong  to  the  Allegheny  and 
Pottsville  forswtiona  of  the  Pennsylvanian  System.  The  Allegheny  is 
composed  of  sandstones,  shales,  thin  limestones,  and  several  coal 
seams,  anst  notably  the  Lower  Freeport  and  Upper  and  Lower  Kittanning. 
The  Pottsville  Formation  lies  beneath  the  Allegheny  and  is  composed 
of  the  Homewood  Sandstone,  Mercer  Shale,  and  the  Conoquenessing 
Sandstone. 

Deep  mining  of  the  Lower  Kittanning  coal  has  taken  place  beneath 
portions  of  the  reservoir  and  surrounding  area. 
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mttfy  ^TMMl  «l  Imv;  Amf9 
•rrarnt  im  midAt*  ^  metUtu;  Bnuk 
Liwtfttmnt  in  itnnr  pmri 


Pottsville  Group 

Lipkt  #r«v  to  wMitr,  eoorte  groined  Mitd- 
otoneo  omd  eon§tomeratra  wttk  oomo  miNf* 
nkir  root:  iHWurfra  Skar/t  MMtiofnto, 
Titmhiing  Kmn  Fnrmn- 

tinno. 


Mareelittt  Formation 

Mnrkt  fiiuttlr,  rarkf^marttfUB  oknU  trilfc 
fftirlr.  ftrowN  Mmlaroiir  (TttrirFir  Hidgrf  ix 
tfolrnt  IVHNairfraHM. 


Onondaga  Formation 

Cro^miak  kl%».  tktm  k*H4*d  tknU  mn4  dmrk 
thu  tm  kimrk.  mkedtum  k^ddad  hm^Moma 
«ni</b  okmtt  ^fdomtmmml  m  tHMif  pirneaa. 
imeimdaa  Salimatnoro  Limootomr  nud  N»*d- 
WAT#  Skoi»  IM  emmtmt  mod 

Bottrrmtlk  Fmlla  himoatoma  mmd  Kaopma 
Skmta  tN  anatarnmoat  Brnmatft*nmtm;  tn 
Lak%0k  Gmp  mrem  ttuimdaa  fkiimarton 
Samdatama mnd  Bammmmatatam  Chart. 


Allegheny  Group 

Cwrtia  aa^uaneaa  afaandatoma,  cA«/#« 
atone  and  rami;  mmmrronm  eommerciat 
eoala:  limaatonem  tkirkan  traataeard:  Van* 
pert  Limratona  in  Intaar  part  of  oration-, 
in^ndaa  Freeport,  Kittanniep,  and 
flarion  FormoHona. 


Clinton  Group 

Predominanrtp  Hoae  HUt  Formation  • 
Raddiak  pmrpta  to  praeniok  pmp,  tkin  to 
medium  hedded.  /aaaUi/erona  Aala  utitk 
tnlartonpuing  “iron  aandatonra"  and 
toral  trap,  /oaaiti/rreua  limratona:  ahaoa 
tka  Roar  Hitt  ta  krown  to  trkitr  tnartaitie 
aandalona  tKrr/erl  imterkaddad  upward 
with  dark  t*nt  ahal*  tRoekeaterh 


Willa  Creek  Formation 

CrtANila*  trap,  thin  koddad,  fiaaUa  akmie 
lailA  taaat  timaotome  and  aamtMone  aamea; 
eamtaina  rad  ahate  and  othatona  the 
ioumr  part. 


Bloomaburg  Formation 

Rad,  tkin  and  tkirk  kaddad  okale  and  oiti- 
otona  with  loami  ttMifa  of  mndatono  and 
Mkin  tai^rt  liwwatono.  ooma  tram  akat* 
in  plaeoa. 


MeKensie  Formation 

Ora#ii»a*  trap,  tkin  kaddad  tkair  intar^ 
kaddad  w**k  trap,  Iktn  kaddad.  foaoHifrr- 
ama  liawatona:  ekola  pfadomtnant  at  tka 
kmea:  intrn/ormattomal  krar^m  la  tka 
lomar  part.  ta  Harriakurp  tn»d‘ 

mutt*  end  ft*  th»  #«nt 


Marine  bed* 

Grav  to  olive  krown  akatra,  prapwarkae, 
and  aandafnnra:  rontoina  “Ckamunt"  krda 
and  “portatr”  bade  ineludint  Burkat, 
Rrallirr,  Harralt,  and  Trimmara  Rark; 
Tulip  Limaetone  at  kaae. 


Pocono  Group 

l^rdnMttHOMlIp  pfnp,  hard,  maerirr.rroaa- 
krddrd  fungtomeratr  and  mndefour  trifk 
noma  mknie;  tnr/ti<f«a  in  tkr  Appalaekmn 
rtotaau  Burtonn,  Skrnonga,  Cupakopn, 
Cueaewatn,  C'nrrir.  and  Knapp  Forma- 
fiona;  inrlndae  part  of  ''t^wapo'  of 
M.  L.  Fuller  ta  FoUrrand  Tiopa  rtmaftra. 


Oriskany  Formation 

White  to  frroira,  fine  fn  ntarnr  trained, 
parttp  ralrarrnua,  htealip  ronplnmaratir. 
foaadifrruna  nandnlnnr  tRidgrlrpt  at  the 
top;  dark  trap,  rkrrtp  Itmrrttair  wf*k 
aomr  infrrkrddrd  ekaire  and  oaadetunra 
kelow  tShrivrr). 


Keyoer  Formation 

Dark  trap,  ktpklp  faaaHifarofua.  tkiek  kad‘ 
dad,  rrpeiaUina  to  raadutar  tiattatana: 
MMva  lafo  Manhua,  RondanUand  Daekar 
Formationa  ta  the  eaat. 


Tonoioway  Formation 

Grair.  kipktp  laminated,  tkin  kaddad, 
arpiltarroua  limratona:  pamra  into 
Booaardvilla  amt  fkfaana  idand  krda  la 
tka  eaat. 


Catakill  Formation 

Chtrflp  rad  to  krowniak  akairm  and  aand- 
atnnea.  inriudra  pmp  and  prarniah  aand- 
atunr  tonpura  namrd  KIk  Mountain, 
Honradmir.  Skokaia,  and  Dataware  River 
in  tkr  amat. 
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•COLOaiC  MAP  OF  FCNNSYUVANIA  FRCFAIKO 
•V  COMMONWEALTH  OF  FCNNA.  OCFT  OF  INTERNAL 
AFFAIRS,  DATED  If  SO,  SCALE  1’^  4  MILES 
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